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(57)Abstract: 

PURPOSE: To obtain a thin-film magnetic head having 
the excellent reliability of conductor coils by improving 
coil pattern defects and a process for production of the 
head. 

CONSTITUTION: This thin-film magnetic head has an 
upper layer magnetic core 2 and a lower layer magnetic 
core 1 and is formed with the conductor coils 3 via a coil 
flattening layer 7 in the upper part of the lower layer 
magnetic core 1 . The lower layer magnetic core 1 is 
embedded into a nonmagnetic inorg. insulating material 
layer 13 and is flattened The insulating material layer 13 
consists preferably of AI203 or Si02. On the other hand, 
the process for production has a stage for forming the 
lower layer magnetic core 1 of a prescribed shape on a 
substrate 4, then forming the film of the upper insulating 
material 1 3 covering the lower layer magnetic core 1 and 
flattening the insulating material film 13 until the lower 
layer magnetic core 1 is approximately exposed, a stage 
for forming the conductor coil 3 via the coil flattening 
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layer 7 thereon and a stage for forming the upper layer magnetic core 2 to a prescribed shape. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the upper magnetism core and a lower layer magnetism core — having — the upper 
part of a lower layer magnetism core — a coil flattening layer — minding — a conductor — the 
thin film magnetic head characterized by embedding and carrying out flattening of the above- 
mentioned lower layer magnetism core to the nonmagnetic inorganic insulating material layer in 
the thin film magnetic head to which it comes to form a coil 

[Claim 2] the conductor of two or more layers — a coil — having — each — a conductor — the 
magnetic head according to claim 1 characterized by flattening being carried out by the coil 
flattening layer for every coil 

[Claim 3] The thin film magnetic head according to claim 1 to which the aforementioned 
nonmagnetic inorganic insulating material layer is characterized by the bird clapper from 
aluminum 203 or Si02. 

[Claim 4] The manufacture method of the thin film magnetic head characterized by providing the 
following. The process which carries out flattening of the nonmagnetic inorganic insulating 
material film until it covers this lower layer magnetism core, it forms a nonmagnetic inorganic 
insulating material and the aforementioned lower layer magnetism core carries out **** 
exposure, after forming the lower layer magnetism core of a predetermined configuration on a 
substrate, besides — a coil flattening layer — minding — a conductor — the process which 
forms a coil The process which forms the upper magnetism core in a predetermined 
configuration. 

[Claim 5] a coil — the process which forms a conductor — setting — the conductor of two or 
more layers — the manufacture method of the thin film magnetic head according to claim 4 
characterized by carrying out flattening of the coil by the coil flattening layer, respectively 
[Claim 6] The claim 4 characterized by using the aforementioned coil flattening layer as the film 
of aluminum 203 or Si02. or the manufacture method of the thin film magnetic head according 
to claim 5. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this Invention — the upper magnetism core and a lower layer magnetism 
core — having — the upper part of a lower layer magnetism core — a coil flattening layer — 
minding — a conductor — it is related with the thin film magnetic head to which it comes to 
form a coil, and Its manufacture method 
[0002] 

[Description of the Prior Art] The thin film magnetic head is known as the magnetic head carried 
in the magnetic tape recorder of the former, for example, a computer, etc. 

[0003] thin film layers, such as a magnetic film and an insulator layer, carry out the laminating of 
this thin film magnetic head to a multilayer — having — further — a conductor — it is the 
magnetic head in which it comes to form a coil This thin film magnetic head has the pattern 
formation technique original with a thin film, such as membrane formation. Fort Lee ZOGURAFl, 
etching, plating, and a lift off, and much more highly efficientHzation in which it was mentioned to 
which the point that a wafer can be mass-produced in uniform quality, that it is a low inductance 
in a structure top short magnetic path as compared with a bulk head, etc., and they included 
material corresponding to densification in recent years is going to be attained. 
[0004] the conductor which such the thin film magnetic head becomes from the lower layer 
magnetism core 101 which consists of permanent wave ROITO (nickel-Fe) etc.. the upper 
magnetism core 102, Cu, etc. as shown in drawing 28 — it consists of putting the magnetic- 
circuit section which consisted of magnetic gaps 106 which consist of a coil 103 and Si02 grade 
with the base substrate 104 and the protective-group board 105 of a ceramic system which 
consist of aluminum203-TiC, a ferrite. etc. 

[0005] and if the manufacture method of the above-mentioned thin film magnetic head is 
outlined, the lower layer magnetism core 101 which consists of a soft-magnetic-material layer 
will form on the above-mentioned base substrate 1 04 — having — a this top — the lower layer 
magnetism core 101 and a conductor — the coil flattening layer 1 14 for aiming at the insulation 
with a coil 103 forms membranes — having — further — the front-face top — a conductor — a 
coil 103 is formed in the shape of a spiral 

[0006] By the way, it may be common to the type with which the lower layer magnetism core 
101 is divided by the use for every channel also in such composition of the conventional thin film 
magnetic head in the multichannel type thin film magnetic head which has the lower layer 
magnetism core 101 which consists of a ferromagnetic metal thin film especially, and each 
channel. Generally, when a magnetic-recording medium (not shown) slides only from a uni 
directional to the magnetic head, a type with the latter lower layer magnetism core 101 common 
to each channel is used, and the type divided for every former channel for uses, such as a 
nnagnetic tape recorder (the so-called data storage) on which a record medium slides from both 
sides to another side and the magnetic head, is used. 
[0007] 

[Problem(s) to be Solved by the Invention] however, the thin film magnetic head of the type with 
which the above-mentioned lower layer magnetism core 101 is divided for every channel shows 
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to drawing 29 — as — a conductor — a coil 103 crosses the edge of the lower layer magnetism 
core 101 — — the configuration of this lower layer edge — a conductor — it will 

have big influence on the configuration of a coil 103 

[0008] for example, a conductor — as the technique of forming a coil 1 03, two technique, the 
flow of membrane formation - Fort Lee ZOGURAFI - etching and the flow of Fort Lee 
ZOGURAFI - plating, is common 

[0009] however, the Fort Lee ZOGURAR process of a portion that the above-mentioned 
conventional thin film magnetic head crosses the edge of the lower layer magnetism core 101 by 
any [ these ] technique — setting — the lower layer magnetism core 101 — a level difference - 

- being generated — a conductor — the poor pattern (short [ poor ]) of a coil 103 is generated 
[0010] then, in order to prevent this, it is shown in drawing 30 — as — the above — a 
conductor — the height same to the bottom of a coil 1 03 as the lower layer magnetism core 1 01 

- the level difference dissolution resist pattern 113 and a conductor — the technology which 
forms flattening resist pattern 1 14p which serves as an insulation of a coil 103 and the purpose 
of flattening is also proposed 

[0011] As shown in drawing 31 , a patterning gap and the lower layer magnetism core 101 
however, [ for example, ] [ whether it formed by ion milling and ] it had the problem which the 
configurations of the taper section of the lower layer magnetism core 101 differ, and the V 
character-like slot 110 occurs on a boundary with the lower layer magnetism core 101, and 
induces the poor coil pattern of the slot 1 10 of the shape of this V character by whether it 
formed by pattern plating (width of face is shown, the inside of drawing 31 . and Sign H — a 
shoulder — whom — ) . 

[0012] moreover, the above-mentioned level difference dissolution resist pattern 113 and 
flattening resist pattern 1 1 4p should pass about about 300-degree C heat treatment process, in 
order to give thermal resistance and solvent resistance — since it was, it had the problem which 
generates configuration change of a shoulder who type resist as this shows to drawing 31 
[0013] This does a bad influence, when using a mask contact method for coil patterning 
equipment. It is what induces the poor coil pattern of the coil periphery which the distance on a 
photo mask and the front face of a resist leaves especially, a conductor — the aspect ratio of a 
coil 103 — large — a conductor, when the interval of a coil 103 is narrow moreover, a conductor 

- a coil 103 — two or more layer volume more than a bilayer — becoming — further — the 
flattening resist pattern 114 — a conductor — the case where formed on the coil 103 and it 
piles up — the conductor by the side of the upper layer — generating of configuration change of 
the resist of a described [ above ] shoulder who type was remarkable, so that it became a coil 
103 

[0014] Furthermore, when flattening resist pattern 114p was used as a component of the thin 
film magnetic head, use of the above-mentioned magnetic core 101,102 had a limit from the 
thermal resistance. Specifically, there was a problem that the Sendust from which a soft 
magnetism is obtained by performing heat treatment of about about 500 degrees C could not be 
used in the magnetic core 101,102. 

[0015] then, the poor coil pattern from which this invention had become a problem 
conventionally — improving — a conductor — it aims at offering the manufacture method 
further for the purpose of obtaining the thin film magnetic head which is excellent in the 
reliability of a coil 

[0016] Moreover, this invention expands the usable range of the magnetic core which had a limit 
of use from the heat-resistant point in the conventional thin film magnetic head, and aims at 
offering the thin film magnetic head which can extend the flexibility of a design, and its 
manufacture method. 
[0017] 

[Means for Solving the Problem] in order that an invention-in-this-application person may attain 
the above-mentioned purpose — the upper magnetism core and a lower layer magnetism core - 

- having — the upper part of a lower layer magnetism core — a coil flattening layer — minding - 

- a conductor — ** characterized by embedding and carrying out flattening of the above- 
mentioned lower layer magnetism core to the nonmagnetic inorganic insulating material layer in 
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the thin film magnetic head to which it comes to form a coil 

[0018] moreover, the conductor of two or more layers — a coil — having — each — a 
conductor — it is characterized by flattening being carried out by the coil flattening layer for 
every coil 

[0019] Furthermore, the aforementioned nonmagnetic inorganic insulating material layer is 
characterized by the bird clapper from aluminum 203 or Si02. 

[0020] On the other hand, the manufacture method of the thin film magnetic head of the 
invention in this application The process which carries out flattening of the nonmagnetic 
inorganic insulating material film until it covers this lower layer magnetism core, it forms a 
nonmagnetic inorganic insulating material and the aforementioned lower layer magnetism core 
carries out exposure, after forming the lower layer magnetism core of a predetermined 
configuration on a substrate, besides — a coil flattening layer — minding — a conductor — it is 
characterized by having the process which forms a coil, and the process which forms the upper 
magnetism core in a predetermined configuration 

[0021] moreover, a coil — the process which forms a conductor — setting — the conductor of 
two or more layers — it is characterized by carrying out flattening of the coil by the coil 
flattening layer, respectively 

[0022] Furthermore, it is characterized by using the aforementioned coil flattening layer as the 

film of aluminum 203 or Si02. 

[0023] 

[Function] the conventional thin film magnetic head which arranged the resist pattern inferior to 
thermal resistance since it was the structure where flattening of the lower layer magnetism core 
was embedded and carried out to the nonmagnetic inorganic insulating material layer according 
to the thin film magnetic head concerning this invention — differing — a lower layer magnetism 
core — a shoulder — whom — the conductor by the phenomenon — generating of the level 
difference of the forming face of a coil can be suppressed effectively consequently, the Fort Lee 
ZOGURAFl process — setting — a conductor — the forming face of a coil can cover the whole 
region, can make it able to stick with a photo mask, and can be exposed 
[0024] moreover, the thing to consider as the structure where flattening of the lower layer 
magnetism core was embedded and carried out to the nonmagnetic inorganic insulating material 
layer — a conductor — since generating of the level difference of the forming face of a coil can 
be suppressed — the conductor of two or more layers — it becomes the thing excellent also in 
formation of a coil 

[0025] furthermore, each coil covering two or more layers — if flattening is carried out by the 
coil flattening layer for every conductor — each — a conductor — the effect excellent in 
formation of a coil is demonstrated 

[0026] And when it considers as the coil flattening layer by the film of aluminum 203 or Si02 
except for the resist inferior to thermal resistance from the structure of the thin film magnetic 
head, the heat treatment temperature for obtaining the soft magnetism of a lower layer 
magnetism core and the upper magnetism core becomes usable [ a high thing ]. 
[0027] Specifically, although the magnetic core was conventionally restricted to about about 
350-degree C thing, the Sendust from which a soft magnetism is obtained can be used for it by 
heat-treating about about 500 degrees C of degrees. 
[0028] 

[Example] Hereafter, one example of the thin film magnetic head which applied this invention is 
explained, referring to a drawing. 

[0029] the thin film magnetic head of the 1st example this example is shown in drawing 1 — as - 
- the lower layer magnetism core 1, the upper magnetism core 2, and a conductor — the 
magnetic-circuit section is constituted by a coil 3. magnetic-gap G, and the coil flattening layer 
7 And the above-mentioned thin film magnetic head is constituted by putting with the base 
substrate 4 and the protective-group board 5 with which this magnetic-circuit section consists 
of aluminum203-TIC. 

[0030] The base substrate 4 has selected aIuminum203-TiC from the height of thermal 
conductivity, and a strong viewpoint as a material in this example. In case this base substrate 4 
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carries out pattern formation [ portion / each / which constitutes the above-mentioned 
magnetic circuit ] original with a thin film, such as membrane formation. Fort Lee ZOGURAFI, 
etching, plating, and a lift off, it serves as the base, on this base substrate 4, a predetermined 
interval is separated and the four magnietic-circuit sections are constituted in fact. That is, this 
example is the multichannel type thin film magnetic head. 

[0031] It is prepared in order that the protective-group board 5 may protect the magnetic- 
circuit section from external force etc., or in order to make the contact surface at the time of a 
magnetic-recording medium slide contact, and on the upper magnetism core 2. flattening is given 
and the protective coat 8 which consists of aluminum 203 is unified through the junction layer 
which consists of an epoxy resin by the flow of membrane formation - lap processing. 
aluminum203-TiC is used by the reason as the base substrate 4 nil why this protective-group 
board 5 is the same. 

[0032] the conductor where the lower layer magnetism core 1 and the upper magnetism core 2 
were embedded by the coil flattening layer 7 which consists of a resist in the center section 
while consisting of iron system microcrystal material, such as an Fe-aluminum system alloy and 
3P Fe-Ga-Si-Ru system alloy, being put through the magnetic-gap spacer which consists of 
Si02 by the magnetic-recording medium sliding-surface side which ****s to a magnetic- 
recording medium and constituting magnetic-gap G — while putting a coil 3, a back side 
contacts directly without magnetic-gap G, and constitutes a closed magnetic circuit 
[0033] And it considers as the structure where the film of aluminum 203 was extensively 
embedded to the lower layer magnetism core 1 of the above-mentioned magnetic cores 1 and 2, 
and flattening was especially carried out to it by the method of mentioning later in the thin film 
magnetic head of this example. Moreover, in this example, although the film 1 3 of aluminum 203 
is formed by the bias sputtering method by making the lower layer magnetism core 1 into 
flattening material, a thing well-known as inorganic insulator layers, such as not only this but 
Si02 film, Si3N4 film, etc., can be used. However, if it says from a viewpoint of membrane stress, 
it will be easy to use the film 13 of aluminum 203 small. 

[0034] such flattening structure — a poor coil pattern — improving — a conductor the thin 
film magnetic head which is excellent in the reliability of a coil is obtained 
[0035] by the way, the above-mentioned lower layer magnetism core 1 — magnetic-gap G 
minding — this lower layer magnetism core 1 top — setting — a conductor — while aiming at 
the insulation between coils 3 — surface flattening — planning — the above — a conductor 
it is for forming a coil 3 correctly 

[0036] And extensively, the film of aluminum 203 is embedded extensively, flattening is carried 
out, and the above-mentioned lower layer magnetism core 1 is manufactured, as shown in 
drawing 2 or drawing 5 . That is, as shown in drawing 2 and drawing 3 , iron microcrystal material 
is formed, the lower layer magnetism core 1 is processed by ion milling etc., and the film 13 of 
aluminum 203 is extensively formed by the bias sputtering method on it. 

[0037] In this case, the thickness of the film 13 of aluminum 203 which forms membranes first 
needs more than the thickness of the lower layer magnetism core 1. It is made as [ become / 
the double precision of the thickness of the lower layer magnetism core 1 / in the case of this 
example ]. 

[0038] Next, flattening is carried out by flattening processing until the lower layer magnetism 
core 1 carries out **** exposure "of the film 13 of the above aluminum 203, as shown in drawing 
4 and drawing 5 . It is obtained as a flat front face which the field of the film 1 3 of aluminum 203 
and the field of the lower layer magnetism core 1 become flat-tapped by this, and does not have 
V character-like a slot or a level difference. 

[0039] furthermore, the above — a conductor — a coil 3 — a medium [ signal / record / from a 
record regenerativ apparatus ] — supplying — the regenerative signal from a medium a 
record regenerative-apparatus side — ** — the duty to transmit is carried out and it is formed 
of copper-sulfat pattern plating in this example 

[0040] this example ~ a conductor — the coil 3 is embedded by the coil flattening layer 7 which 
consists of a resist In order to use a resist as a coil flattening layer 7. the above-mentioned 
upper magnetism core 2 and the lower layer magnetism core 1 are restricted to what has 
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comparatively low heat treatment temperature as. this magnetic material, although the above- 
mentioned iron system microcrystal material is used. Specifically, it is 300 degrees C or less in 
this case below in the operative temperature of a resist. Moreover, since flattening processing is 
given to a magnetic-film front face, a small material of a magnetostriction is desirable. 
[0041] However, not needing an etching process for formation of that a gently-sloping magnetic- 
path configuration is acquired and a magnetic path in the manufacture method mentioned later 
as an advantage using a resist as a coil flattening layer 7 is mentioned. 

[0042] the above — a conductor — you may form a coil 3 as two or more layers which consist 
of coil lower layers, coil intermediate layers, and the coil upper layers thus, the coil flattening 
layer 7 by the resist if it is the structure which carried out flattening. of the lower layer 
magnetism core 1 with aluminum 203 even if it forms as two or more layers — much more — 
the shoulder of a part — the ** which who can ignore and coil short-circuit does not generate - 
- a conductor — formation of a coil 3 is possible And when it forms as two or more of these 
layers, it is good to carry out flattening by the coil flattening layer 7 for each class. 
[0043] In this case, further, the coil flattening layer 7 may be replaced with a resist, and may be 
formed by the film of aluminum 203 or Si02. Thus, what has the high heat treatment 
temperature for obtaining the soft magnetism of the lower layer magnetism core 1 and the upper 
magnetism core 2 so that it may mention later is usable by removing the resist inferior to 
' thermal resistance from the structure of the thin film magnetic head. In addition, a sign 10 is the 
insulator layer 10 of aluminum 203 which plays the insulation with the lower layer magnetism 
core 1 and the base substrate 4. and the role of flattening among drawing 1 . 
[0044] Moreover, about these membrane formation methods, it says from a membranous step 
coverage and the bias sputtering method or the CVD (chemical paper deposition) method is 
suitable. 

[0045] the thin film magnetic head constituted as mentioned above — magnetic-gap G — 
minding — a conductor — the conductor which does not generate a level difference by carrying 
out flattening of the field used as the forming face of a coil 13 — it becomes the structure of 
the thin film magnetic head excellent in formation of a coil 3 therefore, the Fort Lee ZOGURAR 
process — setting — a conductor — the forming face of a coil 13 can make it able to stick with 
a photo mask over the whole region, and can be exposed 

[0046] The manufacture method of the thin film magnetic head, next the creation method of the 
thin film magnetic head constituted as mentioned above are explained. 

[0047] First, as shown in drawing 6 , 2 micrometers of insulator layers 10 of aluminum 203 are 
formed on the aluminum203-base substrate 4 which consists of TiC. for example. With the lower 
layer magnetism core 1 formed in a degree, and the above-mentioned base substrate 4. while 
playing the role of an insulation, the role of flattening is played, and the insulator layer 10 of 
aluminum 203 here is formed of the technique of RF sputtering (RF sputtering system). 
[0048] Next, if form 4 micrometers of lower layer magnetic films which consist of iron system 
microcrystal material by the technique of RF spatter, for example, a predetermined resist pattern 
is formed at the Fort Lee ZOGURAFI process, it etches by the technique of ion milling and a 
resist is exfoliated as shown in drawing 7 and drawing 8 . the lower layer magnetism core pattern 
1 1 will be formed. 

[0049] Next, as shown in drawing 9 , the lower layer magnetism core pattern 1 1 top is covered. 8 
micrometers of film 8 nonmagnetic inorganic insulating material layers 1 3 of aluminum 203 are 
formed by the bias sputtering method all over a substrate, for example, and it shifts to the 
flattening processing process shown in drawing 10 . In addition, the thickness of the film 1 3 of 
aluminum 203 needs more than the thickness of the lower layer magnetism core 1 . It is made as 
[ become / the double precision of the thickness of the lower layer magnetism core 1 / in the 
case of this example ]. 

[0050] Next, although it moves to a flattening processing process as shown in dr awing 10 , the 
above-mentioned flattening processing process consists of two kinds of surface treatment 
methods here. 

[0051] One is called diamond polish ("DP processing" is called hereafter.) mentioned above, and 
another is called chemical mechanism polish method ("CMP processing" is called hereafter). All 
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process a front face in the state of a wafer. 

[0052] First, in the above-nnentioned DP processing, surface plates, such as copper and tin, are 
used, for example, and the diamond slurry of 1 -micrometer particle size is used as the abrasives. 
Surface treatment is carried out until the lower layer magnetism core pattern 1 1 exposes the 
film 1 3 of aluminum 203 by such DP processing. 

[0053] In this case, it is desirable to carry out surface treatment so that it may leave about 
lOOnm of films 13 of aluminum 203 on the lower layer magnetism core pattern 1 1 until the lower 
layer magnetism core pattern 1 1 is strictly exposed. And as an amount of polishing in this case, 
it becomes the about neighborhood which the lower layer magnetism core pattern 1 1 exposes, 
i.e., 4 micrometers. 

[0054] Next, in the above-mentioned CMP processing, for example, the surface plate with which 
the buff cross was stuck is used, and Si **** alkaline as an abrasives is used. Unlike physical 
polishing of DP processing, CMP processing has the property of chemical polishing by alkali. 
Moreover, DP processing can give selectivity to a polishing object by selection of an abrasives 
by this CMP processing to not choosing the object of polishing comparatively. As a property of 
polishing, DP processing is rough-planed in this case, and another side and CMP processing have 
strong finishing^implications. 

[0055] Processing is given so that the crack generated in DP processing by such CMP 
• processing may be removed, the lower layer magnetism core pattern 1 1 is exposed, and a flat 
wafer front face is obtained. However, as an amount of polishing in CMP processing, you may be 
about 200nm by conversion of the film 1 3 of aluminum 203. Superfluous CMP processing 
produces the lug of the lower layer magnetism core pattern 1 1 from the reason of the selectivity 
mentioned above, and is because it is not desirable. 

[0056] Thus, after flattening by aluminum 203 of the lower layer magnetism core pattern 1 1 is 
made, as shown in drawing 1 1 , 2 micrometers of magnetic-gap films 1 6 which consist of Si02 by 
the technique of RF spatter sputtering etc. are formed. As the quality of the material of this 
magnetic-gap film 1 6. although aluminum203 grade can also be used besides Si02 of this 
example, Si02 of this example from the etching nature is desirable. 

[0057] Next, as shown in drawing 12 , a predetermined resist pattern is formed at the Fort Lee 
ZOGURAFI process, and the back gap BG is etched by technique, such as ion milling or reactive 
ion etching. In this case, when 2 micrometers *5ic*****5|c*5|cs the part 2 which formed the gap film 
1 6, i.e., SiO. and aluminum 203, the lower layer magnetism core pattern 1 1 by the side of the 
back is exposed. 

[0058] next, the conductor which consists of copper coating as shown in drawing 13 — Ti50 
nm/Cu200nm is formed by the RF sputtering method etc. as a ground of a coil 3 
[0059] Then, a resist pattern predetermined at the Fort Lee ZOGURAFI process is formed, and 
4-micrometer copper coating is performed by copper-sulfate plating etc. then — if a resist 
pattern is exfoliated and ground Ti/Cu is ♦*********ed by ion milling etc. — the 1 st conductor 

— coil 3a is formed 

[0060] here — this example — setting — the 1 st conductor of the above — last shipment (a 
line/space) of coil 3a is 11 micrometers / 4 micrometers, and the coil aspect ratio, i.e., the ratio 
of the height in a coil cross section and width of face, has become 1 

[0061] Next, as shown in drawing 14 , a predetermined resist pattern is formed at the Fort Lee 
ZOGURAFI process, heat treatment of about 300 degrees C is performed, and 1st 17 
which consists of an insulating material is formed. 

[0062] here — a conductor — the case where a coil 3 is the two-layer structure — much more 

— the 1st conductor of an eye — it is shown in drawing 15 like coil 3a — as — the 2nd 
conductor of the above-mentioned bilayer eye — coil 3b will be formed under the present 
circumstances, the 2nd conductor of this bilayer eye — formation of coil 3b — the 1 st 
conductor of the above-mentioned monostromatic eye — differing from formation of coil 3a — a 
conductor — the 2nd coil flattening layer 27 which this bilayer eye becomes from the heat- 
treated insulating material to the lower part of the eye of a coil 3 having been [ the thing ] much 
more flat — the 2nd conductor — since it has in the lower part of coil 3b — the shoulder of a 
resist — it is the point that who has arisen 
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[0063] this point — being related — a conductor — the coil flattening layers 17 and 27 by the 
resist if a coil 3 is the structure which was embedded to aluminum 203 and carried out flattening 
of the lower layer magnetism core 1 when the space aspect ratio is 1 — much more — the 
shoulder of a part — the ** which who can ignore and coil short-circuit does not generate — a 
conductor — formation of a coil 3 is possible 

[0064] the coil flattening layer 1 7 which this becomes from a resist — more than a bilayer — 
lapping — a this top — further — a conductor — the case where it is going to form a coil 3 — 
the result of an experiment — about 90 percent — a conductor — it turns out that short- 
circuit of the periphery of a coil 3 occurs thus, the shoulder of the 1 st coil flattening layer 1 7 
which consists of coil formation width of face, a coil space aspect ratio, and a resist — it 
changes with whose sizes 

[0065] thus, the conductor of a bilayer eye — after coil 3b is formed, as shown in drawing 16 . a 
predetermined resist pattern is formed at the Fort Lee ZOGURAFI process, heat treatment of 
about 300 degrees C is performed, and the 2nd coil flattening layer 27 which consists of an 
insulating material is formed 

[0066] here — the above — a conductor — although the composition of a coil 3 and the coil 
flattening layers 17 and 27 can be formed satisfactory by above-mentioned technique, the resist 
was used as these coil flattening layers 1 7 and 27 by this example by constituting from a resist 
• which made the magnetic path heat-harden because an etching process may not have been 
needed for that a gently-sloping magnetic-path configuration is acquired and formation of a 
magnetic path It differs from this point and the 2nd example mentioned later 
[0067] Next, if form 4 micrometers of films of the upper magnetism core 2 which consists of iron 
microcrystal material by technique, such as the RF sputtering method, for example, a 
predetermined resist pattern is formed at the Fort Lee ZOGURAFI process, it etches by 
technique, such as ion milling, and a resist is exfoliated as shown in drawing 1 7 . the upper 
magnetism core pattern 1 2 will be formed. Formation of the element which serves as an element 
of a head above is ended mostly. 

[0068] Next, in order to form the drawer section of an element, pattern plating by the copper 
sulfate is given. 

[0069] First, Ti50 nm/Cu200nm is formed by RF spatter etc. as a ground of terminal plating to 
the wafer with which the upper magnetism core pattern 1 2 was formed. Then, as shown in 
drawing 18 , a resist pattern predetermined at the Fort Lee ZOGURAFI process is formed, for 
example, 30-micrometer copper coating is performed. Then, if a resist pattern is exfoliated and 
Ti/Cu of a ground is *****5i«Mc**ed by ion milling etc., the copper terminal 31 will be formed. 
[0070] Next, as shown in drawing 19 , 35-micrometer film attachment of the film 32 of aluminum 
203 is carried out by the bias spatter, and flattening of the wafer front face is carried out 
through DP and CMP processing. Naturally, the copper terminal 31 is exposed at this time. The 
wafer 33 of this example is completed through these processes. 

[0071] The completed wafer 33 is cut down by the chip size with a cutting machine etc., and the 
protective-group board 5 which consists of aluminum203-TiC etc. is joined with a resin, the 
portion which serves as a medium slide contact side after this is processed into a radii 
configuration by cylindrical grinding or copy grinding, and a tape lap etc. is given further, and it is 
completed as a head chip. That is, the thin film magnetic head as shown in dra win g 1 is 
completed. 

[0072] As mentioned above, although the example of the thin film magnetic head which applied 
this invention was explained, this invention can be applied to all the thin film magnetic heads that 
have the divided lower layer magnetism core 1 , without being limited to an above-mentioned 
example. 

[0073] moreover — this example — a conductor — the coil flattening layers 1 7 and 27 by the 
resist are used from the field of that there was no problem in formation of a coil 3, and cost 
However, when there are restrictions on heat treatment of a magnetic core, in the composition 
of the thin film magnetic head which needs a three or more-layer coil layer, it is also possible to 
form all coil flattening layers by the film of aluminum 203 or Si02. 
[0074] It consists of that the coil flattening layers 17 and 27 by the resist in which the 
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composition of the 2nd example of the 2nd ******** was formed in the 1st example carry out 
flattening of the bias spatter film of Si02, and other composition is the same as that of the 1st 
example. 

[0075] when the manufacture method of this 2nd example is explained using drawing 20 or pear 
drawing 27 . it is first shown in dr awing 20 — as — the 1st conductor — it creates like the case 
of the 1 St example of the above until coil 53a is formed Namely, on the lower layer magnetism 
core 51 which is the feature of the invention in this application, the 2nd example forms the film 
of aluminum 203, and creates it like the 1st example also including carrying out flattening 
processing. Therefore, in drawing 20 or drawing 27 explained below, the same composition as the 
1 st example is shown with the same sign. 

[0076] this 2nd example — setting — the 1st conductor of the above-mentioned monostromatic 
eye — after formation of coil 53a, as shown in drawing 21 , pillar-shaped section 53c for coil 
contact is created by copper pattern plating, and it gives by the bias sputtering method of 
aluminum 203 or Si02 Then, as shown in drawing 22 , flattening of the wafer front face is carried 
out through DP processing and CMP processing, and the contact edge of pillai^shaped section 
53c of contact is exposed. 

[0077] next, it is shown in drawing 23 — as — the 2nd conductor of a bilayer eye — the copper 
pattern plating form Ti50 nm/Cu200nm by the RF sputtering method etc. as a ground of coil 53b, 
and according to a copper sulfate — giving — etching of Ti/Cu of resist exfoliation and a ground 
— carrying out — the 2nd conductor of a bilayer eye — coil 53b is formed 
[0078] here — the 3rd conductor — when you needed more than the coil, it mentioned above 
35 — ^he flow of the bias sputtering method of formation of a coil contact pillar - aluminum 203, 
or Si02 - DP processing (or CMP processing) — the coil flattening layer 1 7 — constituting a 
this top — a conductor — what is necessary is just to repeat forming a coil 53 
[0079] Then, as shown in drawing 24 . a resist pattern predetermined at the Fort Lee ZOGURAR 
process is formed, and copper coating is performed. Then, if a resist pattern is exfoliated and 
Ti/Cu of a ground is **********ed by ion milling etc., the copper terminal 54 will be formed. 
[0080]. Next, as shown in drawing 25 , film attachment of the film 55 of Si02 is carried out by the 
bias spatter, and flattening of the wafer front face Is carried out through DP and CMP 
processing. 

[0081] Then, as shown in drawing 26 and drawing 27 , a predetermined resist pattern is formed 
at the Fort Lee ZOGURAFI process, and if the flattening layer of the back gap BG is 
***ic******ed, the lower layer magnetism core 51 of this portion is exposed and a resist is 
exfoliated by technique, such as reactive Ion etching and ion milling, a predetermined magnetic- 
path configuration will be acquired. The wafer 56 of the 2nd example is completed through these 
processes. 

[0082] By the way, unlike the 1 st example, in the 2nd example, you newly have to create a 
magnetic path according to an etching process. As the quality of the material of this to the 
above-mentioned coil flattening layer, Si02 is more desirable than aluminum 203 in respect of 
etching nature about the portion of the coil upper layer or a coil intermediate layer. About the 
magnetic-path formation method, the bias spatter of after [ SI02 ] coil formation of the last 
layer or aluminum 203 is performed, and flattening of the wafer front face is carried out through 
DP and CMP processing. 

[0083] Moreover, in the case of the 2nd example, magnetic-gap G formed in the example 1 
immediately after flattening by aluminum 203 of a lower layer magnetism core must newly form 
magnetic-gap G from it being no longer an above-mentioned magnetic-path formation process. 
This forms the magnetic-gap film 1 6 which consists of Si02 grade by technique, such as the RF 
sputtering method, forms a predetermined resist pattern at the Fort Lee ZOGURAFI process, 
and etches the back gap BG by technique, such as reactive ion etching and ion milling. After this, 
it can create by the same manufacturing process as the 1st example from formation of the upper 
magnetism core 51. 

[0084] Thus, in the 2nd example, since the resist inferior to thermal resistance is not used for 
the component of a head, not only the magnetic film used this time but what is conventionally 
well-known can use all, and does not ask a crystalline substance and amorphous. For example. 
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you may be ferromagnetic metallic materials, such as an Fe-Ga-Si system alloy, an Fe- 
aluminum-Si system alloy, an Fe-Ga-Si-Ru system alloy, a Fe-aluminum-germanium system 
alloy, and a Fe-Ga-germanium system alloy, or a ferromagnetic amorphous metal alloy, and the 
so-called amorphous alloy. 

[0085] moreover — this example — a conductor — since the resist is not used, what has the 
high heat treatment temperature for obtaining the soft magnetism of the lower layer magnetism 
core 1 and the upper magnetism core 2 can be used for the coil flattening layer 7 where a coil 3 
is embedded Specifically, as the above-mentioned magnetic core 1 grade, although 
conventionally restricted to about about 350-degree 0 thing, the Sendust from which a soft 
magnetism is obtained can be used by performing heat treatment of about 500 degrees 0. 
Therefore, the usable range of the lower layer magnetism core 1 which constitutes the thin film 
magnetic head, and the upper magnetism core 2 is sharply^ expandable. 
[0086] 

[Effect of the Invention] the conventional thin film magnetic head which arranged the resist 
pattern inferior to thermal resistance since the thin film magnetic head concerning this invention 
was made into the structure where of flattening of the lower layer magnetism core was 
embedded and carried out to the nonmagnetic inorganic-material layer so that clearly also from 
the above explanation — differing — a lower layer magnetism core — a shoulder — whom 
the conductor by the phenomenon — generating of the level difference of the forming face of a 
coil can suppress effectively, can make it able to stick with a photo mask, and it can expose 
[0087] therefore, the edge of a lower layer magnetism core and a conductor — coil short-circuit 
in the periphery section of a coil — it can suppress — a conductor — it becomes the structure 
excellent in formation of a coil moreover, the above-mentioned flattening structure the 
conductor of two or more layers — the structure which was excellent to formation of a coil will 
be demonstrated 

[0088] And since the usable range of a magnetic core can be expanded when it considers as the 
coil flattening layer which replaced with the coil flattening layer by the conventional resist, and 
was embedded with the film of aluminum 203 or Si02, the flexibility of a design can be extended. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

iQrawingJ ] It is the cross section showing typically the important section of the thin film 
magnetic head of the 1st example to which this invention is applied. 

[Drawing 2] It is the front view in the state where a lower layer magnetism core is formed 
showing the process by which flattening of the lower layer magnetism core of the above- 
. mentioned thin film magnetic head is embedded and carried out to the film of aluminum 203. 
[Drawing 3] It is the front view in the state where the process by which flattening of the lower 
layer magnetism core of the above-mentioned thin film magnetic head is embedded and carried 
out to the film of aluminum 203 is shown, and aluminum 203 is formed. 

[ Drawing 4 ] It is the front view in the state of the process by which flattening of the lower layer 
magnetism core of the above-mentioned thin film magnetic head is embedded and carried out to 
the film of aluminum 203 being shown, and carrying out flattening. 

[Drawing 5] It is the front view in the state of the process by which flattening of the lower layer 
magnetism core of the above-mentioned thin film magnetic head is embedded and carried out to 
the film of aluminum 203 being shown, carrying out flattening, and exposing a lower layer 
magnetism core. 

[Drawing 6] It is the perspective diagram in which showing the manufacturing process of the thin 
film magnetic head of the 1st example of the above, and showing the process which forms 
aluminum 203 on a base substrate. 

[Drawing 7] It is the perspective diagram in which showing the manufacturing process of the 
above-mentioned thin film magnetic head, and showing the formation process of a lower layer 
magnetism core pattern. 
: [Drawing 8] It is the perspective diagram in which showing the manufacturing process of the 
above-mentioned thin film magnetic head, and showing the formation process of a lower layer 
magnetism core pattern. 

[Drawin g 9] It is the perspective diagram in which showing the formation process of the lower 
layer magnetism core of the above-mentioned thin film magnetic head, and showing the process 
by which a lower layer magnetism core pattern is embedded on the film of aluminum 203. 
[Drawing 10] It is the perspective diagram in which showing the formation process of the lower 
layer magnetism core of the above-mentioned thin film magnetic head, and showing a flattening 
processing process. 

[Drawing 11] In the manufacture method of the above-mentioned thin film magnetic head, it is 
the perspective diagram showing the process which forms a magnetic-gap film. 
[ Draw ing 12] In the manufacture method of the above-mentioned thin film magnetic head, it is 
the perspective diagram showing the process which forms a back gap. 

[Drawing 13 ] the manufacture method of the above-mentioned thin film magnetic head — setting 

— the 1st conductor — it is the perspective diagram showing the process which forms a coil 
[Drawing 14] In the manufacture method of the above-mentioned thin film magnetic head, it is 
the perspective diagram showing the process which forms the 1 st coil flattening layer. 
[Drawing 15] the manufacture method of the above-mentioned thin film magnetic head — setting 

— the 2nd conductor. — it is the perspective diagram showing the process which forms a coil 
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[Drawing 16] In the manufacture method of the above-mentioned thin film magnetic head, it is 
the perspective diagram showing the process which forms the 2nd coil flattening layer. 
[ Drawi ng 17] In the manufacture method of the above-mentioned thin film magnetic head, it is 
the perspective diagram showing the process which forms the upper magnetism core. 
[Drawing 1 8] In the manufacture method of the above-mentioned thin film magnetic head, it is 
the perspective diagram showing the process which forms a copper terminal. 
[Drawing 1 9] In the manufacture method of the above-mentioned thin film magnetic head, it is 
the perspective diagram showing the state where form aluminum 203, carry out flattening of the 
front face, and a wafer is completed. 

[PjawLQg 20] the manufacture method of the thin film magnetic head of the 2nd example that 
this invention is applied — setting — the 1 st conductor — it is the perspective diagram showing 
the process which forms a coil 

[Drawing 21] In the manufacture method of the above-mentioned thin film magnetic head, it is 
the perspective diagram showing the process which forms coil contact. 

[Drawing 22] In the manufacture method of the above-mentioned thin film magnetic head, it is 
the perspective diagram showing the process which forms and carries out flattening of Si02. 
[Drawing 23] the manufacture method of the above-mentioned thin film magnetic head — setting 
— the 2nd conductor — it is the perspective diagram showing the process which forms a coil 
[Drawing 24] In the manufacture method of the above-mentioned thin film magnetic head, it is 
the perspective diagram showing the process which forms a copper terminal. 
[Drawing 25] In the manufacture method of the above-mentioned thin film magnetic head, it is 
the perspective diagram showing the process which forms and carries out flattening of Si02. 
[Drawing 26] In the manufacture method of the above-mentioned thin film magnetic head, it is 
the perspective diagram showing the process which forms a front gap. 

[Drawing 27] In the manufacture method of the above-mentioned thin film magnetic head, it is 
the perspective diagram showing the state where form a magnetic gap and a wafer is completed. 
[Drawing 28] It is the cross section showing typically the important section of the conventional 
thin film magnetic head. 

[Drawing 29] the conductor which crosses the lower layer magnetism core in the above- 
mentioned conventional thin film magnetic head — it is the perspective diagram showing the 
configuration of a coil 

[Drawing 30] the conductor which crosses the lower layer magnetism core in the above- 
mentioned conventional thin film magnetic head — it is the perspective diagram showing the 
configuration of a coil 

[ Drawing 31 ] It is the A-A line cross section of above-mentioned draw ing 30 . 

[Description of Notations] 

151 Lower layer magnetism core 

2 52 The upper magnetism core 

3 Conductor — Coil 

3a and 53a the 1st conductor — coil 
3b and 53b the 2nd conductor — coil 

4 Base Substrate 

5 Protective-Group Board 
7 Coil Flattening Layer 

1 1 Lower Layer Magnetism Core Pattern 

13 Film of Aluminum 203 or Si02 (Nonmagnetic Inorganic Insulating Material Layer) 

16 Magnetic-Gap Film 

1 7 1 St Coil Flattening Layer 
27 2nd Coil Flattening Layer 
G Magnetic gap 

FG FUROTONTO gap 
BG Back gap 
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[0 0 3 2] Tll@tt3 T 1 t±MW&.-=i T 2 tt, MA 
«Fe-A 1 ^^^^Fe-Ga-S i -Ru^^^^ 

<t:B 7 ir<koTa*asnfc»{*^zi-f ;v 3 ^tfe^jitrt 

{»J»r:feViTtt. TSSitt^T 1 &¥Si<k$J«t UTA 1 

203©^ 1 3&A*-f TXXn-y^U >i/&tCJ;D^KL' 
Tti^*5. .ltl{cK^.-r, Si 02^. Si3N4M^. 

iS^^wm.-l^iA^^mTlli. A 1 203©1K1 3*VhS<figCi 

[0 0 3 4] ccr).j:d;^¥S^t:^3^JcJ:0. n^-jWI^- 30 

[0 0 3 5] hZi^X. ±f2Tg^tt3 7' Hi. 
'f;P3a:®W©«feiik?&@^i:*fC. «®<D5Ffij|:Sr@o 

[0 0 3 6] -lE-bT, ±^TSfiSi*aTl«> 0 2 75M 
@ 5 tC^-Ti O \Z. A 1 203OK*^±®W»Cffi 

3 tCS^-r J: ^ tC. S:J*I^ UTTBJStt 

n 7 1 Sr-f = - •J>i^^fCJ;oTJnJIbT, -eoi 
ir^ffie^jicA'-f 77.x/i>y^'J>i^i6{cj;0A 1 203© 

[0 0 3 7] ma\zmmt^P^ 1 203©i^ i 

Tea[tt3ri<D^5<D2fiSt;S:-5 

[0 0 3 81 ^i^\z. @4So:a5Jc:*-rj:5ic. ±IBA 
1 203©l^ 1 3 SrTgKttn 7 1 tmM Sm-r -5 50 



4fra^8-2 7 9 1 0 8 

6 

•5. 

[0 0 3 91 $e>C, ilB^^l^n-f Jl/3tt, lefi^^^g 

[0 0 4 01 **liMT'ti, «{*:3'f;P3tt. l^i^Xh 
J; 0 ^ 3 -r ;p^fiftS 7 J; o Tffls?)j2. *nT U 5 . 
^>'Xhi£n-f;l/SFa<kS7 tbT«Vi-5>5:Je)IC, ±^ 
±^«itt=i7 2RrrF)imtt3 7 l Sr±ia«t3g^|gft:» 

hOxftmtaSi&LTT?C10«-&3 0 OICgJlTTfe^. * 

[0 0 4 1 1 L-d^b. l^v'iJ^ h^zi-f ;P^JBib»7ib 
Tfflt^-5fiJ>'^tbT> S^^f SSfji*J*lC:feViT, 1S.1t 

rae. RO:3-<;i/JiBA^e.ftSttia:BtbT}^iiKbTt> 

^li, ;i©J;'5lr1iScStbTJgfi£bTfe. THffiEttD 
7'lSrAl 203T^S<tb;t«jtT*ntf, Ui>XhlZ 

-ebT, ^©«i5:ll<tbTmbfc«^, #B« 
n jv^a^kS 7 i -D T^fi-fb-r 2. t M t 
[0 0 4 31 ri-f;V5pje'fbB7tt. 1^ 

v^X HCftATA 1 203X«S i 02©^TJ^fiKbTfe 

^li. :L(oxt>\zvx. mmmz'^^i^i^T^h^mmm 

'p. 0«> TSiSttnT 1 t'<-X««4t®«6 

[0 0 4 4] mtz. CltTe.©fiKM:^i*{C^V^T«, ^© 
j5^*MbTV^-5. 

[0 0 4 5] KK±o)j^:o(zm0i^ntcnmmm'\y\^ 

tt. Si»^-vy/G?&;n-bT^f*:3-f ;H 3©?gfi£ffit 

m^=i^)i3(Dmmzmnrcmmmn.^y i^commtis: 

■5. Ltcm-DX. 7:t h'jyi/7 7-<XiglC*>tiT«(*; 



7 

[0 0 4 61 mugja^^-y \i<DmjB:^)k 

[0 0 4 7] S-r, 0 6 lC*-rj:3tr. Al 203-Ti 

CcfcD7a:^'<-x*«4±jcA \20z<DmBmi o^m 

\t. iJctCJgliK-r^TSfiSttaZ 1 t±gH(D'^-X»tg4 
©T, RFX/'?-y^'U>i^ (RF sputtering system) 

[0 0 4 81 mi mm9.\z7F.-t ^^\z. 

[0 0 4 91 09CS^-rj;5C> TJimttnTA 
Dm«8/im^lKL, 01 0t;:S^-r^S^tJnxxe»c: 

[0 0 5 0] 01 0 icsT J; 3 tc^paYbSPXie 
rc-c, ±IE¥fifl:JHixx8tt, 2a«©« 
® inx::^^*^ e. x i- ^ -5 . 
[0 0 5 1] 10tt±i^Ufc^-1'-\'^:>H#Uy>'3. 
(6tT> roPttJIJ ) tli¥«nTVi«.t>© 

MPUDXJ tli:-r-&. ) tllf«*lTVi-5t>©-e»^„ 

•rnfc> ^7XA— t^s8-e^a©ijnxs:ff-5fe©-eife'5. 

[0 0 5 2] *-r, ±BBDPlflIXTtt> 
©^^*5^l.^e)n. 1 /im^ag©^'f-\r^>KX^'J — 
^t^©W*t^i:LTffl^i^n•5. v:©<kp;»^DPlinx(r 
ctoTA 1 203©IKl S^rTB^ttaTA^-^l 1 
stB-r-5 *-C«®JlDX-r 

[0 0 5 31 ;i©«^. M^(C«T®lStt3T/'?^-> 
1 l*igUJf -S^TiOfe, TSmtta7/'?^->l 1 
±®A l203©iei 3?&1 0 0 nmgft^-rj;5tcaB 

LTtt. T®mttaT/l^->l 1 *^KtB-rs#ifi. f 

[0 0 5 4] ^C, ±IBCMPilDX-Ctt. «'J;5t«> A*7 

tt7';i'*Utt©S i i^)|4*ifflVie.nS. CMPSDXH, 
D P iOX©#iaWW^ t ttSJJi 0 . T^l'* 'J J; ^VC^ 

^^Jt«Wil«/iO^©JC?:ibT, Cl©CMPiHIXT«W 

^. P»©ttMttTtt, c:©«^DPJ!iDX«SMSiJO-C 



(5) 8-279108 
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$.0. {fi:4r, CMPS0XHtt±tfM;'j:«5fc-&l/i:*^^u. 

[0 0 5 5] r©J:p;5:CMPJlPIlrJ;-:>TDPlmn? 
^^feLfc^X^ffiOI^<c}:'5lcJDX*^i!i6$n. TBlStt 
nT/t^->l Id^^tBL. fio. ¥fi?5:':7X/\— 
dti#en^. CMPJjnXT©9f*a<i:LTiJA 
1203©K1 3©tftlSE-t?2 0 0 nmSSt-r*. iSSB^ 
CM Piox{i_ha! Lfcil*?tt©JS**^^T)HSttn 
^->l 1 ©mo3SDS:3fei;*f*L<^ti*^e.1?a&^, 

[0 0 5 6] :i©J:3tCLTTSmtt3T/1:5' — >1 1 

10 ©A 1 lOiXzii^^m'^ifiu^mt.Vk. m \ i fc:^-r<t 

5 (C, R F X /t >;/ ^ >y ^ "J > i'©?^}*^!^ J; o T S 
i 02*^6 ?S^lsm=?^->::/]^i 6*^2 umfSl^^n 
Cl©m^=¥:^>yyMl 6©«RtbT«. *llig«3J 

©S i 02©flSfc. A 1 203%fefiefflT€rS*i, -5-®X 

-:/5^>i/tt*^e.tt*lli£^©S i02*W*LV^. 
[0 0 5 7] ^tC. 01 2lC^-rJ:3JC, 7*hUl/i^ 

^7^XgtrT0f«©^>'Xh/1^'->SrJg|Kb> -f* 

SlrJ;DA*-y^^^<y7'BG©X-y5'>y^ff5. n© 
20 ^^'^yiKl 6*fi£I^Lfc^J-. -TJ^Ct)^. Si 

02t>U<«> A 1 203S:2 /zmX.y5^>i/TSC:i:K: 

j;0A*yi'fi!i©T®«ttn7/x5'->i isrsms-a- 

-5. 

[0 0 5 8] ^^IC. 01 3JC^f i^fC. 
;4S^(*:3-f;l.3©TifitbT, T i 5 0 nm 

/Cu 2 0 0 nm*RFXA.y^'U>i'fe^CJ;Dj«IR 

[0 0 5 9] Mlr^T, 7* hU'/i^77-<ISTm«® 

30 A«4 ym©^^<;/^=&Jg-r. ^©^. l/v'X NA^'— 
>^tiJfSitb, 'f *> = -'J>i^l?fCJ;oTTi6T i/C 
u^&x>;;^>i!'-r«.<»:^l©^(*:ri-f ;i/3 a*i?gjK$n 

^. 

[0 0 6 0] dClTr, **ifiC*yir:teiiT«, ±ffi^l© 
^«:D-f ;V3 a©L/S (^'f>/X^— X) :*«1 1 // 
in/4 jumt?feD. )177.^^ hit. -TJito^^-f 

[0 0 6 1 1 0 1 4ic*-rj;p«c:. :7;t h U 
^^^XgtCTRlf^©^-:^^ hA:$'->^JgfiKb. 3 0 
40 0"CSflf©3RffiaSrJgb» JfiiittJiEf J: O^ft-S^ 1 ©^fi 

<ts 1 7*w.i5^n^. 

[0 0 6 2] ddT, ^#:rJ-f;i/3*i-B«ji©:^^(C 
«, -®B©^l©#f*:n'f Jl/3 a tHSHC. 0151c 
*-r<fc5IC. ±SB— ^e©^2©^{*:3'f ;P3 bSJ^J^ 

-r^-t»'J^l^. ^©IS. Cl©-Sg©^2©^^*:n-f 

50 ©Tg6ic*bTii^fc*»c. i^v^;^ h©M;t*n*i^i;T 



(6) 
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[0 0 6 3] r©,^CHbT> m»:n-()l3\t. ^-CDX 

J; •& n 17. 27 (D—m^comfctium 

[0 0 6 4] c:nd^^>?XhJ:D?S'53-l';U^JS'(t;®l 
no^-ffi J: o Tig^bf 

[0 0 6 5] C:cDj;'5lCLT, — ®S©^#:n'f ;U 3 b 
■y 4lLWiCXm^<DVJ7. h/1:5'->*J^fiKU 3 0 0 

[0 0 6 6] riciT, ±ffi^^n'f ;i.3S,u:a-f;i/^a 20 

[0 06 7] 017 \Z^-t^^iZ. ««iKiS**<fc 

D ;^ ^ ±SflKtt 3 T 2 ®K * R F xn iS"J > i'ffi^© 

[0 0 6 8] *^=^05l#mbg5*}^fiKTSfc«> 

\z. mmm\zj:.^/^i'->y^-y^^m-t. 

[0 0 6 9] ST> ±Sfi814r]7/t^->l 2*i?^J5E$ 
nti'y JL/\~\Z. mf-:^y^(DTmtVxm^it, Ti 
5 0 nm/Cu 2 0 0 nm«^RFX/1-;/^'^tCj;»5J«M 

•y^>^-r^tsi^? 3 i;^WfS^n^. 

[0 0 7 0]i>ctX. 0 1 9 tc^-r J; P IC. AlaOsWlK 
3 2*m7XXA«y^T3 5 Mm)K#ltb, DP, C 

*l^iS«aJ©'?X/\-3 3*^^B£-r'5. 
[0 0 7 1 ] ^figUfcC/XA-S 3tt> >i^V 50 



i^M¥8- 2 7 9 1 0 8 

10 

zy-ymz^-3X^y^-^-iX\zmr)m-^n. AI203 

■:fmiim^n. ^y)^^y:fii\.T%m-^. tut) 

[0 0 7 2] :^%m^mm\^tzMmm%^v h® 
«^f»jjc-ptr»T^?gL.fc*n ^^m\t±m<Dm.mm\zm. 

■r^x<Dmmm^^y ]^tzi^vxmmx^^^<Dx$, 

[0 0 7 31 ^fa. ^mmmxit. mw^^-i jvzoim^ 

\zmkf)'^Uii-^-:>tcZ.izii:37.\-(r>mis^^. V-J7.V\zii 
^n-f^V^pm^kWl 7. 2 7?£fflViTVi-5. U*^b, fiS 

[0 0 7 4] ^ 2 (D^mm 

Vv^X hCJ;«>=l'f;P5FSfl:lil 7, 2 7*^ SiOz 

<Dn^y7.7.nv^m^^iBit-t^^hxm^^nx^ 

[0 0 7 5] 7L<r>f^2<r>^Mm<r>mm:^m^m2 onm 
mmzi^m^^xwRt^ii. *-r, a2otc^fj:5 

Jr, ^l©«^5t:3^';^5 3 a7)tJ^fi£$nSST«, ±iB 
mi©Slig0iJ(O«^t|^«tCf^^-rs. -Ti/St)^, ^2 

ICA 1 2030)^^^1^ ¥ffi{bJPX-r-5;::i:fc-&Ji?)T 

f^io>mmm^mm\z^&t^. vtcti^-ox. &cfwtm 
mmz':)\,^x\wi—<Dn^^%r>xncr, 

[0 0 7 6] ;i©^2©*MM{r*5t,iTfi, dB 

©^i©#{*:n-f;W5 3 aojg^^j::. S2iir^fJ: 
=i-f;i.n>5'^h©;fc«e)©ft«SB5 3c$'JB/t^ 
ty^Tf^^b. A 1 203X«S i 02©A'r7X 

7./^y^^)>^m\ZiiK>mt, ^O^. 02 2(C:^-r<i: 
DPJJDX, CMPiDX$:MT':7XA-^®Sr¥S 

^. 

[0 0 7 7 j >K,Z. 0 2 3»C^rj;ptC. -SS©^2 
©^#:n-f;l/5 3b©T^^:UT, rnXM. TiSOn 
m/Cu 2 0 0 nm*RF;^n.y^'U>^^^tCJ:DfiK 

tiJgti:T«6©T i/Cu©x-i^^>i/<£fTV^-SB©^ 
2©^*(:n'f;P5 3 bA^JgjR^nS. 
[0 0 7 8] CC-C. ^3©^*^=l-f;V£t±^(JJ.St-r 

~Al 203^L<tiS i 02©/^ 77.XA>;/^'U>i^ 

}i~DPiini CMPiinx) (omnxu^i yv^ 
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S t P ;i 1 5r«i 0 jg#«fi v^. 

[0 0 7 9] S^l^iT. 02 4(C7K-rJ;5tr. >';i-hUy 

tm^'f- 5 4 diJ^fig^tl-S. 
[0 0 8 01 :^IZ. S2 5lC^-rJ:p{C, S i 02CD)^ 
5 rXX/t-z^Tl^^ltU. DP, CMPmi 

[0 0 8 2] td^T, ^2(Dmmm-c}t. f^KDmm 

mt.\tmf3:^. aK&frfc»CX>i/5^>i?^xetCJ;oTf^ 

^i^fcoVJTtt, x->5^>^^ttCD,^TA l 203J:D=bS i 

'f;PJg;«as i 02XttA 1 203©A*'f 

JSL, DP. CMPjDX^iST^zXA-affl^spffift-r 

[0 0 8 3] J^JS«s| 1 TTSmtta 7® A 1 2O3 

V. H^6tt'f:t> • X-;/5">i^W:t>5-U>i^^<D 
^StCfc o TA* >y i!r ^ :/B G ®X .y ^ > iJ^Srfr 3 . 

[0 0 84] Z(D^^\Z. m2©^li6«s|Ttt, ^>;; 

Fe-Ga-S i F e - A 1 - S i F 

e-Ga-S i -Ru^^^x Fe-Al-Ge^^ 
^, Fe-Ga-Ge?^^^^W^mtt^il«^Ef. X 

[0 0 8 5] *^!fififiit?«, ^^^n-rji/s^ta* 

^£V^fc46lc, T^jKtt:3 71B:U^±®fi8tt3 7'2cr)Di:® 
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t*t-t?^S. Lfc*toT, ^IKm^'X^y K<£«J5i£T-5T 
[0 0 8 6] 

[0 0 8 7] L.;it*ioT, TSlSSttnT»«g6Siiy;^ft: 

20 [0 0 8 8] -eLT, i^5feCDP-:^X htCJc-SD-f ;i/^a 
^Jitrf^ATA 1 zOsXttS i 02®IKJrJ:Da*aA/ 

[0®®ffim;iS:ifteg] 

[0 1 ] :^^mf)mm^n^w, i cD*is«si©»i^«8a'\ 

[02] JiiBSilga^'S'y H®T)B«tt3 7**A 1 2O3 

®p{case>i^*n^s^t;sn'5xe&*-r, THStttn 

[0 3] ilB^lK^^'S'y H®T^iatt3 7*^A 1 jOj 

<DKicsj&3at*n^fi'fbsn-5xg^^-rt)<DT, a i 

[04] H©TSmttn7'j&5A 1 2O3 

®^jc««6)i*n¥ffl^t$ti-5xe^s^-rt)OT, wm. 
^b-r^«ii©iEM0-cfes. 

[05] ±fB^^ja[^'\-y KWT^mtta7*5A 1 2O3 

wiKtcffl*>i*n^S'(t;$n-5xs^s^-rt>©T, ¥a 

40 [0 6] ±.mW, 1 CD*ig«3JcD^P«S«'\-;/ K©S}igX^ 
€rS5TfccD7?> xa«Ji{CA 1 203&J«IK-r -SXe 

[0 7] ±B2»)K«im'\^' F®SigIie?&*-rt)®T?, 

T®fiSttziTA^->CDJgfiEXe?rS5-ri^^0T*-5. 

[08] ±fB»Kfi8«'\>:/ H©§SjtXg^^Tfc©-e, 
TSfiSttnTA^-XDJgfiEXSSrS^f^^ST^S. 

[091 ±iB»l»»f^'\> H«OTSlKttnT®Jgfi!tXg 

ffl«e)i2^*n^xg^^-r^ffi0T&-5. 

50 [0101 ±ia»[K»St'\-y HOTgJKttnTWJg^X 



(8) 
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mil] ±i2»|^«^'\«y H®Sjg:*&tr:fetiT, m 

■;/■/K^J^J^•r^I^5r*T^«0Tfe^■. 
[013] ±mmmm%^y )^(omm^mizii^^x. m 

[015] ±?BafKS8a'\-y H«Sia:&tetr45V^T, m 
2 (Dm-^ n -f ;v Sr J^^T ^ xg ?&^t" M« 0-t? * -5 . 
[016] ±iBSII|gffll»'Ny H©tljS*J£fC*5ViT> ^ 

-5. 

[017] iie^iKsam'N^y H©®ja*fefc*3iiT, ± 

[018] iSWIKma'v-y H©i3jt:&felci3ViX. IS 

«^*}g^£-r^x@*^-r^M0Tfe^. 

[01 9] ilB^Mmm^N-v H©SjS:^S{r;feiiT, A 20 

«ii*5t-r^«0Tfes. 

[02 0] :$immi!imm^n^f^2<DmmM(ommmm. 
-sxs?&*-r^«0"^a& ^. 

[02 2] ±IB»M«Sl'N5'H©i!ig:&l*lC*V^T, S 

[02 3] ±teiiKma^'> H®Sjg*^«C*5tiT, m 30 
2 ©^^J^-f ;P^£r^fiK-r-5Xg^^-r^m0t?»-5. 
[02 4] ±3BI»K«Sl'\'V H©§K§*fet-feV^"r, m 

^^&jgfi£-r'5xs^&*-r^«0-c»«. 



[02 51 ±gS»IK®^'\-y H©8S)g*fefc*5l,iT, S 
i O2$rfi£Mb¥ffi{kT-5XgSr*-r^^0-Cfc-5. 
[02 61 ±B2^^Bai^'\^y HroSii^ffilCiSliT. 7 
D > h^i' y y$rJ^f!fe-r^XgSr^-r^«0t?*-2>. 
[0 2 7] ±IB^Kfi8^'N-y K®Sig:*^fc*50iT, fiS 

m0tf$)S. 

[0 2 8] Se3fe(Di^KMa'\>y KWSBS^&^^MtCafe-r 

[02 91 ±gSt¥*®»MSSa'\>y Hlci5tt^T^J8tt 
n 7 $r n -IV® «:*'^^S0"C -5 * 

[0 3 0] ±feS£*©^IKlK»'^'y HlCl5tt?)T««tt 

[03 1] ±120 3 O<DA-A«l»r®0T?fc«>. 

1.5 1 TJifiaHtnT 
2. 5 2 ±JHKtt37 

3 ««:n'f;i/ 

3 a. 5 3a 1 (D^^fi^-f ;P 
3b. 5 3b M2©»ff3<;i' 

4 

5 

7 3'f;)/^S<kB 

1 1 TJi«tt:3 7A^'— > 

A 1 zosxtts i oKom mmmmmmmun 



1 3 

m) 

1 6 

1 7 

2 7 
G I 
FG 
BG 



^i®n-f;i/5pfi<t;@ 



[011 



[0 2] 




A12O3-T iCSff 



Z] 



[03] 
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[0151 



[1^1 61 




[0171 



[0181 
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n (U 



11(1) 



[0191 



[02 11 
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12(2) 
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[02 21 



[02 31 



[02 41 
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[@25] [@26] 




101 na 
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[tittSBl ¥eX7^6^ 2 9 B 

i^mmiE 1 ] 
[ttiE*f^»ii«i mmm 
miEi^»ms^^ 0 0 0 3 

[0 0 0 3] ClcDM^JSa^N-y HtS> m^m. «6«iM^ 

imjEM^mm^} mmm 

C«iE^**«B«] 0 0 04 

[0 0 0 4] c:cD<t^):^j:»)^ma'\-:/ m^\t. m 

2 8tC*f TD-f (Ni-Fe) ^<fcO^ 

-ST^^ttnyi 0 1 t±g«[tt=i71 0.2Rt5Cu^ 

a;D;S2>^#:3-f ;H 0 3 tS i Oz^* D^'SSffil^^ 
-V 2/7^1 0 6 i:T-«fi£;3?n;fcaaiHl8SgB2rA 1 2O3-T 

•yi^l^CD««Sffil 0 5 tT»*3itJiltT#}j*3nT 

i^mmm 3 ] 

[MlE^lK«il'&] 9^iH9» 

mjEM^ms^] 0 0 0 8 

[ffilE^ffi] 
[«iEf*3$] 

[0008] m^\i. ^(*;3-f 103 SrJ^fiE-T^^ii 

■5osnt7 7r huy^^:7^~^-y=^^<i:ii-5isn<D2o 

[mmnmmm^} mmm 
miEttmms^^ 0009 

[*IIEI*9§] 

[0 0 0 9] bd''bi^j:*^^>> zn'h^'^-ftKD^miZ.i.-D 

T, T^KiinTi 0 iickm*^*i;t. ^{*:r]'f;H 
[^igtiiiES] 



[«BIE^^«^'&] i^a9« 
[*liE?*il]«e«] 0 0 17 
[«iE*S] 

[0 0 17] 

[«iE*f^»s«i ?«iaa» 

[ffiIE^^^B«] 0 0 2 3 
[«iE:&j£] i£S 
[»iErt«] 
[0 0 2 3] 

[f^ffl] HJ::J;ntf. T^m 

r^nm^iz ji^mw=i-i ;koj^^® ©gt^o^e^ 

[^MffiiE 7 ] 

[«iE*f^«B«l 0 0 2 7 

[«IE:^fe] 

[«iErt#] 

[0 0 2 7] attnTtt, «f**?j3 5 or 

[#^«iE8] 

[ffiIE*f^»S«] 

miEnmrns^) 0030 

[*liE:«rffi] 
[ffilEF^^] 

[0 0 30j 'N-;x.S«4«. *SIMC>i)X(4. ^e^^^„ 
©M$i:^S©m.^*^e.A 1 zOs-T i CSr^TieftbT 

±tctt, l5r^raiS«rRiTTSIISlc«4 o©m^lHlKSB*« 
[#iK«iE9] 



(13) 



!»BB¥8-2 7 9 1 0 8 



m^Ei^Mtmm^} mmm 
miEi^mms^'i 0045 

[0 0 4 51 si±a)jzt>izmfSi.^nrcmmm%^y h* 

$ -a-T St^t -5 t *^T€r . 

miEnmmm^] mmm 
mtEM^mm^} 0043 

[0 0 4 8] ^IC, S7StX08tr^-rJ:3{r. 

J: 0 )5: S T JiattK «r R F ;^ ^ ©#ft fc i 0 

i^mmiE 1 1 ] 

[}«iE^#i»««] WiBBS 
[«iE?#*:*S«] 0 0 5 7 
[«iE*ffil 
[ffijE 1*3^1 

[ 0 0 5 7 1 ^^Cld. 0 1 2 td^Ti 5 tr, y^thUVif 

'yy-{jLm\cxmi^<DU'jxh/-<i^->^m^v. ^r^i- 
«^tt> ^^5/:/aii 6t:mmvrc^, -r^t)^, s i 

-5. 

[#^1iiE 1 2 ] 

immi^mm^] 0059 

[^liEi^^l 

[0 0 5 9] ^ViT> :7;t h'J vy5:7^i^.-rfiif«(D 

^«4 wmCD^^ y^SrJfi-r. -e®^, ^>?X 
•5. 

[^I^MiE 1 3 1 

[tflE^^^^^] B^iB# 
[ffilEJ^^^a^S] 0 0 6 1 

[ffiiE:5ffi] 



[aiEF^^] 

[0 0 6 i];^ctr, s 1 4 ic^T J; 5 ft, 7*huvif 
^kBi 7di^K$n^. 

[^^*liE 14] 

mjEn^mm^^ mmm 
[aiE?**^e=s] 0 0 6 5 
[SiE:35fei 

[«liEl^$] 

[0 0 6 5] ^:w<t5JCLT> :::SB©^#:rn';l/3 b 

tm^^ntzM. mi 6\zm't^o\z. y^tv^yv^fy 
y^Jimzxmi&ouz^xh/^i'—y^m^v, 300 

i^mmjE 1 5 ] 
mjEM»mm^: mmm 
miEi^Mtms^i 0 0 6 7 
[«iE:^ft] 

[MiErt^] 

[0067] :kiz. mi 7 (c, «caifeS*rJ: 

t)^^-hSiSe3T2«^^RFXn»y^'J >^m^<D 

i^umm 1 6 ] 
imjEMMtmm^i mmm 

[WJEnrnms^^ 0 0 6 9 

[«iErt§] 

[0 0 6 9] *-r. JiB«Stt:3 7/ti$'->l 2*tJ^BK$ 
5 0 nm/C u 2 0 0 nm€:R FX/t-y ^'^tC.fc DJ^M 

■r-5. i^v^T. 01 8ir*-r±^Jc, y^hWif'yy 

umm^v^^mt, ^w^, v-yTsVn^f-y^mm 
h^:ty^-^}y^m\z^^x. t^coti/cu&x 
•y^>yr5a:iBS3^3 i*«ji^*K3ns. 

[^ii^ffilE 1 7 ] 

[^iE^^«^«] mmm 

[*liE*t*«B«] 0 0 7 9 
[WiE^te] ISM 

[0 0 7 9]iKViT, 02 4IC*TJ:5JC, y:i^h*JV 

^^y^j:mxmi^<D\y-y7.h/^^-y^m^L.. m/^ 



(14) 



8-279108 



[^mmiE 1 8 ] 
mjEMMms^] 0 0 8 1 

[0 0 8 1] i^V^T. B2 6Sr^02 7 lr^-r<tPlC» 

XS<&«T^2CDm£«3J©r>XA-5 6At^J^-r-5. 
SEKtiE 1 9 1 

miEn^mm^^ mm 

C«iE*f^JBB«l 0 0 8 3 

[0 0 8 3] * jt, mmm i -eTSm^n tcoa 1 2O3 



CCD^e. JiBKtt3T5 l(OJg^*>&, 

[^^»iE2 0] 

[^IE^^<@«1 

[1tjE^t^]«B«l 0 0 84 

[»IE*fe] 

[«iErt§] 

[0 0 8 4] ClOidJC. m2©||J6fi^-ett, 'S-yH© 

e-Ga-S i F e - A 1 - S i ^-^^^ Fe 

-G a - S i -Ru5^-&^. Fe-Al-Ge^^^, 
Fe-Ga-GeJ^^^^®^lStt^M«». ^ 



